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Background-—Chinese form a large proportion of the immigrant population in Western countries. There is evidence that Chinese
immigrants experience an increased risk of coronary heart disease (CHD) after immigration in part due to cultural habits and
acculturation. This is the ﬁrst systematic review and meta-analysis that aims to examine the risk of CHD in people of Chinese
ethnicity living in Western countries, in comparison with whites and another major immigrant group, South Asians.
Methods and Results-—Literature on the incidence, mortality, and prognosis of CHD among Chinese living in Western countries
was searched systematically in any language using 6 electronic databases up to December 2014. Based on the meta-analysis,
Chinese had lower incidence of CHD compared with whites (odds ratio 0.29; 95% CI: 0.24–0.34) and South Asians (odds ratio 0.37;
95% CI: 0.24–0.57) but higher short-term mortality after ﬁrst hospitalization for acute myocardial infarction compared with whites
(odds ratio 1.34; 95% CI, 1.04–1.73) and South Asians (odds ratio 1.82; 95% 1.33–2.50). There was no signiﬁcant difference
between Chinese immigrants and whites in long-term outcomes (mortality and recurrent events) after acute myocardial infarction.
Conclusions-—These ﬁndings provide an important focus for resource planning to enhance early secondary prevention of CHD to
improve short-term survival outcomes among Western-dwelling Chinese immigrants. ( J Am Heart Assoc. 2015;4:e002568 doi:
10.1161/JAHA.115.002568)
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C oronary heart disease (CHD) is a leading cause ofmortality and morbidity worldwide. In particular, CHD is
a major health problem in migrant populations in developed
countries.1 Research has shown that immigrants tend to have
a higher risk for CHD than the host population and the overall
prevalence, mortality, prognosis and risk factors of CHD vary
among subgroups of immigrants.2,3 Chinese are one of the
fastest growing migrant populations in Western countries
such as Australia, Canada, and the United States.4–6 The
number of Chinese immigrants increased by 54% in Australia
between 2006 and 2011 and by 43% in the United States
between 2000 and 2010, respectively.7,8
Chinese immigrants have both higher prevalence and
higher mortality rates from CHD compared with mainland
Chinese.9 Chinese immigrants also appear to have a higher
prevalence of cardiac risk factors such as hypertension and
diabetes after migrating to Western countries when compared
with Chinese living in China, and the risk increases with longer
length of residence.9–11 Although there is limited literature
comparing the absolute rates for mortality after acute
myocardial infarction (AMI) between Chinese people living in
China and Chinese immigrants in Western countries, a
Canadian study described higher short-term mortality in
Chinese immigrants (12.2%)12 compared to a study of Chinese
in mainland China (7%).13 Moreover, there is some evidence
that Chinese immigrants have a higher risk of mortality after
AMI despite their much lower incidence rates of AMI
compared to whites and South Asians.12
With an increasing number of Chinese immigrants in
Western countries, their health has become a key issue to
their host nations. While it is important to quantify the risks
associated with CHD to inform population health strategies,
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the risk for CHD among Chinese immigrants in comparison
with other population subgroups has not been systematically
reviewed. Furthermore, it remains unclear whether the
discordance between the incidence and prognosis of CHD
exists in Chinese immigrants, as the current evidence shows
conﬂicting results.12,14
This is the ﬁrst study to systematically review and meta-
analyze the incidence and prognosis of CHD among Chinese
immigrants living in Western countries. To quantify differential
risk and to contextualize ﬁndings, we compared Chinese
immigrants with whites and South Asians in the same host
country. Whites were selected because they are the most
common racial group in Western countries. South Asian
immigrants were selected because they are another fast-
growing population in Western countries and they feature
prominently in primary research studies included in this
review, having higher cardiac mortality rates than other ethnic
groups.15 Comparing incidence and prognosis of CHD with
the host population and another major migrant group will help
prioritize the related public health agenda and resource
allocation at different stages of CHD prevention, allowing for
the most effective and efﬁcient programs and interventions to
improve CHD outcomes at the population level.16
Methods
This systematic review and meta-analysis is guided by the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses Protocols and the Meta-Analyses of Observational
studies in Epidemiology criteria.17,18
Deﬁnition and Eligibility Criteria
Study subjects were Chinese and whites or South Asians
(deﬁned based on self-reported ancestry) living in Western
countries including North America (United States, Canada),
Europe, Australia, and New Zealand. Chinese and South
Asian ethnicity were also identiﬁed by using surname
analysis, which is proven to have high sensitivity and
speciﬁcity.19,20 Chinese immigrants refers to Chinese born
in, or having ancestry from, mainland China, Hong Kong,
Taiwan, or Macao. South Asians refers to people from the
Indian subcontinent (India, Pakistan, Bangladesh, and Sri
Lanka) or those who self-identify as South Asians.16 Whites
were deﬁned as people of European ancestry2 and in some
studies are described as Caucasians.12 For the purpose of
this review, CHD is deﬁned as myocardial infarction (MI),
acute coronary syndrome, ischemic heart disease, or
percutaneous coronary intervention or coronary artery
bypass grafting surgery identiﬁed using International Classi-
ﬁcation of Diseases (9th edition code 410 and 10th edition
code I 21 and I 22).21
Inclusion and Exclusion Criteria
We included studies where the incidence or prognosis of CHD
was reported for Chinese immigrants and also for a compar-
ison population (whites or South Asians). We only included
studies based on registries or administrative data because
these are not subject to selection or reporting bias.22
Exclusion criteria included studies on children, Chinese
immigrants living in non-Western countries, studies that did
not separate Chinese from other Asian groups and studies
that reported Chinese only without comparison with whites
and/or South Asians. We also excluded the studies that
reported composite outcomes including heart failure or
cerebrovascular disease, studies that only reported CHD
mortality from the general population, and studies that did not
use International Classiﬁcation of Diseases codes to deﬁne
CHD. Case reports, editorials, expert opinions, and review
articles were also excluded. In the case of multiple studies
published based on the same data set, we selected the study
with the most in-depth analysis.
Search Strategies
A comprehensive search of primary studies was indepen-
dently conducted by 2 reviewers (K.J. and D.D.) based on
search strategies developed by the research team. Databases
included PubMed, PsychInfo, CINAHL, Scopus, Web of
Science, and Cochrane library. In addition, we searched the
reference lists of included studies or relevant reviews as well
as the gray literature. We did not limit the search by study
design, date, or language. The speciﬁc search terms and
strategies are described in Appendices S1 and S2.
Selection of Articles and Quality Appraisal
All studies were imported to Endnote for screening. K.J. and
D.D. independently screened papers based on reading the
title, abstract, and full-text. The ﬁnal results were reviewed by
all authors. The Newcastle-Ottawa Scale was selected to
guide a quality appraisal of these observational cohort
studies.23 Any discrepancies or disagreements were resolved
ﬁrst by discussion between K.J. and D.D. and then by
consultation with the team.
Data Collection
All data were extracted by K.J. and were veriﬁed by D.D. When
results were not available in published papers, corresponding
authors of primary studies were contacted to clarify the
reported data. Study characteristics were summarized includ-
ing country, follow-up period, the comparison group, age
range, sex, outcome measures, and the sample size. We
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deﬁned short-term prognosis outcomes as in-hospital mortal-
ity or mortality within 30 days and long-term outcomes as
mortality or recurrent AMI beyond 30 days.
Data Synthesis and Statistical Analyses
An odds ratio (OR) with 95% CI was used to measure effect
size to compare the incidence and short-term outcomes of
CHD. Hazard ratios with 95% conﬁdence were used to assess
the long-term outcome after diagnosis of CHD. Statistical
heterogeneity across the studies was tested using the I²
statistic between studies.24 I² values can be categorized as 0%
to 40% (might not be important); 30% to 60% (may represent
moderate heterogeneity); 50% to 90% (may represent sub-
stantial heterogeneity); and 75% to 100% (considered hetero-
geneous).24 When statistical heterogeneity exceeded 70%,
subgroup analysis was performed to explain the heterogene-
ity. If heterogeneity was deemed to be substantial, we also
performed a narrative summary. Analyses were conducted
using Comprehensive Meta-Analysis software, Version 2.0
(Biostat, Englewood, NJ; http://www.meta-analysis.com).
Results
Study Identiﬁcation
The literature search identiﬁed 1424 potentially relevant
records. After excluding 686 duplicates, the remaining 738
records were screened based on reading the title and
abstract, which led to a further exclusion of 671 papers
(Figure 1). The remaining 67 papers were subject to a more
detailed review based on reading the full text, and of those, 31
papers remained. Ten additional papers were identiﬁed
through manual review of references. Of these 41 papers,
33 papers were excluded after detailed evaluation of these
articles, leaving a ﬁnal 8 papers in our review12,14,25–30
(Table 1). All studies were cohort studies using registry data
that were dated from 1987 to 2010. Country of study
included Canada, the Netherlands, Sweden, Scotland, and the
United States. The diagnosis of CHD was deﬁned by
International Classiﬁcation of Diseases code in all studies.
Incidence of CHD in Chinese Compared With
Whites or South Asians
Of the 8 studies, 3 reported the incidence of CHD in Chinese
compared with whites and South Asians14,27,30 (Table 2). The
number of Chinese participants in each study ranged from
6254 to 192 155, with duration of follow-up ranging from 7 to
10 years. All 3 studies reported results separately for men
and women. For the meta-analysis, the results of Bansal
et al14 were split into 2 based on the outcome of AMI
incidence or mortality. Meta-analysis of all 3 populations in
these studies (226 795 Chinese with 994 events;
11 136 183 whites with 350 625 events; 113 846 South
Asians with 2536 events) showed that Chinese had a much
lower incidence of CHD compared with whites (OR, 0.29; 95%
CI, 0.21–0.40; I2=90%) and South Asians (OR, 0.34; 95% CI,
0.16–0.73; I2=97%). Subgroup analysis showed the OR of
incidence for whites was 0.29 (95% CI, 0.24–0.34; I2=74.5%)
and South Asians 0.37 (95% CI 0.24–0.57; I2=95%) (Figures 2
and 3). Although the heterogeneity between the analyzed
studies was high, the direction and magnitude of the
association based on the meta-analysis were consistent with
the adjusted incidence rates reported in each primary study
(Table 2).31
CHD Outcomes for Chinese, Whites, and South
Asians
Short-term mortality after ﬁrst hospitalization for CHD
Four studies comparing Chinese with whites and South Asians
reported short-term death after ﬁrst hospitalization for
AMI12,14,28,29. These came from 4 countries including Canada,
the Netherlands, Scotland, and the United States with follow-
up periods ranging from 3 to 12 years (Table 3). Two studies
reported results separately for men and women.14,28 Three
studies12,14,29 reported total participants and death events
(total 1076 Chinese with 147 death events, 318 782 whites
with 59 681 events, and 2907 South Asians with 195 events).
One study28 reported OR for Chinese compared to whites.
A meta-analysis was performed to compare the risk of
death after diagnosis of CHD between Chinese and whites as
well as Chinese and South Asians. The random-effects
summary of OR for Chinese compared to whites was 1.34
(95% CI, 1.04–1.73; Figure 4) with low heterogeneity
(I2=18%). The OR for Chinese compared to South Asians
was 1.82 (95% CI, 1.33–2.50; Figure 5), also with low
heterogeneity (I2=23%).
Long-term outcomes after diagnosis of CHD: Chinese
compared with whites
A total of 3 studies12,26,29 reported both long-term mortality
and recurrent AMI after CHD in Chinese and whites with a
follow-up time from 9 to 12 years with the exception of 1
study that reported second MI only25 (Tables 4 and 5). We
were not able to compare Chinese with South Asians due to
the lack of data. Meta-analysis showed risks of death and
recurrent AMI in Chinese compared with whites were not
statistically different (hazard ratio, 1.41; 95% CI 0.74–2.70;
I2=81%; hazard ratio, 1.05; 95% CI 0.74–1.48; I2=54%,
respectively) with moderate to substantial heterogeneity
(Figures 6 and 7).
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Discussion
This systematic review and meta-analysis evaluated the
association between Chinese ethnicity and the incidence
and prognosis of CHD in Western countries. While Chinese
had much lower incidence of CHD, they had signiﬁcantly
higher short-term mortality after ﬁrst diagnosis of CHD
compared with whites and South Asians. This result is
consistent with a previous international study, which found
that AMI patients in China had a higher age-adjusted 28-day
case fatality rate compared with those in Australia, Canada,
and the United States.32 A similar ﬁnding was observed in an
analysis of more than 15 000 AMI patients in Singapore;
patients of Chinese ethnicity had the highest in-hospital
mortality rates compared with South Asians and Malays.33
This presents a potential “paradox” where the risk of incident
CHD and that of short-term mortality may be inconsistent.
Low incidence of CHD in Chinese immigrants may be
explained by their favorable behavioral risk proﬁles, such as
healthier diet, physical activity, and lower prevalence of
obesity and smoking compared with whites and South Asians,
as discovered by cross-sectional studies in Canada, the
United Kingdom, and the United States.2,34–36 It is possible
that poorer short-term survival in Chinese may not be
explained alone by age or proximity to the hospitals and
healthcare system. Although Chinese were older than South
Figure 1. Search, screening, and selection process of studies of incidence of CHD and outcome after
CHD for Chinese living in Western countries. CHD indicates coronary heart disease; ICD, International
Classiﬁcation of Diseases.
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Asians in this review, they had an age proﬁle similar to whites.
In addition, both Chinese and South Asians were more likely
to live closer to hospitals compared with whites.12,29
Despite the limited data, due to the small number of
available studies and particularly small samples of Chinese
immigrants, several factors may explain the likely higher
short-term mortality after CHD in Chinese. First, Chinese are
less likely to have typical AMI symptoms (eg, midsternal pain
and/or midsternal pressure),37 which could contribute to
underdiagnosed heart disease leading to delay in deﬁnitive
treatment and increased myocardial injury severity. Second,
reporting of atypical symptoms is found to increase with
age.37 Although both Chinese and South Asians are reported
to have less typical AMI symptoms compared with whites,37 in
this review, Chinese immigrants with AMI are much older than
South Asians and this may exacerbate the diversity of
presenting symptoms in this group.
Furthermore, Chinese patients have been found to have
higher rates of cardiac catheterization within 1 day of AMI
(22.8%, 15.3%, and 16.5% respectively) and percutaneous
coronary intervention (27.6%, 18.1%, and 17.3%, respectively)
compared with whites and South Asians.12 These results
suggest Chinese patients may have more severe infarcts
compared with other patients.38 This could be due to delayed
medical attention and treatment, resulting in an unsuccessful
response to thrombotic therapy or other treatments.12,38 The
much lower incidence of CHD in Chinese compared with
whites could also reﬂect poor data capture due to lower
health literacy among Chinese immigrants; reduced aware-
ness of heart disease may mean Chinese are less likely to
recognize AMI symptoms compared to whites.37,39
Additionally, unsatisfactory control of risk factors subse-
quent to reduced medication adherence in Chinese immi-
grants may contribute to higher risk of mortality after CHD.
One study from China found that history of hypertension was
associated with 28-day mortality after AMI in men.40 Poor
adherence to evidence-based antihypertensive medication
among Chinese people was found to relate to their cultural
preference for traditional medicine.41,42 Chinese immigrants
were found to have the highest prevalence of alternative
medicine use compared with other Asian ethnic groups.43 The
common use of herbs such as garlic, ginseng, and ginkgo in
Chinese culture37,44 can also lead to bleeding, a serious
complication of percutaneous coronary diagnostic or inter-
ventional procedures.45 Furthermore, some studies suggest
that Chinese patients may have different pharmacogenetic
Table 1. Characteristics of Included Studies
Study Country Period of Time Study Population
Age Range
(Years) Sex
Identiﬁcation
of Ethnicities Outcome
Bansal et al (2013)14 Scotland 2001–2008 Chinese
Whites
South Asians
≥30 M/F Self-reported First occurrence of admission or
death due to MI and time to event
Dzayee et al (2013)26 Sweden 1995–2007 Chinese
Whites
All ages M* Country of birth Short-term and long-term mortality
after a first CABG
Dzayee et al (2014)25 Sweden 1987–2007 Chinese
Whites
South Asians
≥30 M/F Country of birth Incidence of second MI
Khan et al (2010)12 Canada 1994–2003 Chinese
Whites
South Asians
≥20 M/F Surname
identification
Short- and long-term mortality and
risk of nonfatal cardiac
complication
Nijjar et al (2010)27 Canada 1995–2002 Chinese
Whites
South Asians
≥35 M/F Surname
analysis
Impact of ethnicity on revascularization
and mortality rates after ACS during
initial hospitalization
Taira et al (2001)28 United States 1997–1999 Chinese
Whites
Not
indicated
M/F Self-reported Impact of ethnicity on revascularization
and mortality rates after ACS during
initial hospitalization
Van Oeffelen
et al (2014)29
The Netherlands 1998–2010 Chinese
Whites
South Asians
Not
indicated
M/F Country of birth 28-day and 5-year mortality and
readmission after first AMI
Van Oeffelen
et al (2015)30
The Netherlands 1997–2007 Chinese
Whites
South Asians
≥30 M/F Country of birth Incidence of MI
ACS indicates acute coronary syndrome; AMI, acute myocardial infarction; CABG, coronary artery bypass grafting.
*No women death in the Chinese group.
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responses to antiplatelet or anticoagulant therapy, which
could potentially contribute to the higher risk of short-term
mortality among Chinese participants. Research has shown
that clopidogrel resistance, associated with signiﬁcantly
higher risk of major cardiovascular events such as bleeding,
MI, and death, was 68% to 73% among Chinese immigrants
compared with 5% to 44% among the mainstream Western
population.46,47 Warfarin response variability also exists
among Chinese patients, leading to a higher risk of bleeding
events compared to whites.48
Underutilization of healthcare services by Chinese immi-
grants has also been documented in the literature.49,50
Language barriers may cause delay in seeking early medical
advice and treatment. One Canadian study showed Chinese
immigrants are the least likely to speak ﬂuent English
compared with other ethnic groups, such as South Asians.37
Poor English is also associated with poor uptake of health
check-ups, such as for lipid screening.51 Due to the collective
nature of Chinese culture, older Chinese people are usually
quieter and more stoic and less likely to voice symptoms or
discuss treatment with doctors.49 Finally, physician bias could
impact on diagnosis and management if the doctors are
unaware of ethnic variations in AMI symptoms and CHD risk
factors among Chinese patients.37
Interestingly, in our study, outcome ﬁndings for South
Asians were in contrast: having higher incidence but lower
short-term mortality compared to Chinese and whites, which
is consistent with previous research.16 The better survival
rates found in the South Asian population may suggest
doctors’ awareness of their increased coronary risk and better
cardiac disease management for South Asians, including
changes in health behaviors after AMI and better community
support.12,16
Strength and Limitations
A major strength of this study is the robust and systematic
nature of the evidence synthesis. Our meta-analysis of the
prognosis after CHD may be particularly important in
identifying Chinese immigrants as a unique “at risk” subgroup
of patients. Another strength is the homogeneous nature of
our study design: there is consistency among the included
studies in administrative data sources covering broad popu-
lations, in settings (high-income countries dominated by
European culture), in population selection, outcome mea-
sures, and in the similarity of universal health systems (with
the exception of the United States), especially for the studies
of prognosis. Our use of International Classiﬁcation of
Diseases codes to deﬁne CHD avoided the bias of using
self-reported heart disease in survey studies.
The limitations of this review are related to the included
primary studies. First, there are a small number of ChineseTa
bl
e
2.
St
ud
ie
s
on
In
ci
de
nc
e
of
C
H
D
St
ud
y
D
at
a
So
ur
ce
s
Pe
rio
d
of
Ti
m
e
D
is
ea
se
O
ut
co
m
e
Et
hn
ic
G
ro
up
Ag
e
Ra
ng
e
(Y
ea
r)
In
ci
de
nc
e
Ra
te
s
N
um
be
r
of
C
as
es
/T
ot
al
Pa
rt
ic
ip
an
ts
C
hi
ne
se
W
hi
te
s
So
ut
h
As
ia
ns
C
hi
ne
se
W
hi
te
s
So
ut
h
As
ia
ns
C
hi
ne
se
W
hi
te
s
So
ut
h
As
ia
ns
Ba
ns
al
et
al
(2
01
3)
14
Na
tio
na
ld
at
a
in
Sc
ot
la
nd
20
01
–2
00
8
AM
I
>
30
>
30
>
30
M
:2
30
.9
*
F:
24
5.
6*
51
2.
4*
34
4.
5*
62
0.
9*
42
5.
5*
27
/3
00
4
21
/3
25
0
43
49
8/
1
21
2
68
6
33
96
9/
1
40
8
66
2
31
4/
10
19
3
12
3/
91
12
Ni
jja
r
et
al
(2
01
0)
27
Ho
sp
ita
ld
at
a
fro
m
BC
,
Ca
na
da
19
95
–2
00
2
AM
I
>
35
>
35
>
35
M
:0
.9
8†
F:
0.
49
†
3.
29
†
1.
53
†
4.
97
†
2.
35
†
54
5/
89
35
0
27
9/
10
2
80
5
21
27
7/
90
9
87
0
10
80
7/
97
8
73
5
13
83
/4
3
79
0
56
1/
44
17
5
Va
n Oe
ffe
le
n
et
al
(2
01
5)
30
Na
tio
nw
id
e
re
gi
st
er
s
in
th
e
Ne
th
er
la
nd
s
19
97
–2
00
7
AM
I
M
ed
ia
n
(IQ
R)
M
:4
6
(3
8–
55
)
F:
44
(3
6–
54
)
M
ed
ia
n
(IQ
R)
M
:5
0
(4
0–
63
)
F:
52
(4
0–
67
)
M
ed
ia
n
(IQ
R)
M
:4
0
(3
5–
45
)
F:
39
(3
5–
45
)
M
:1
90
*
F:
12
7*
34
9* 15
9*
40
3* 13
1*
81
/4
26
1
41
/4
12
5
14
7
50
0/
3
17
8
69
3
93
57
4/
3
44
7
53
7
13
5/
43
60
20
/2
21
6
AM
I
in
di
ca
te
s
ac
ut
e
m
yo
ca
rd
ia
l
in
fa
rc
tio
n;
C
H
D
,c
or
on
ar
y
he
ar
t
di
se
as
e;
IQ
R,
in
te
rq
ua
rt
ile
ra
ng
e.
*A
ge
st
an
da
rd
iz
ed
to
C
au
ca
si
an
s
in
ci
de
nc
e
ra
te
/1
00
00
0.
†
Ag
e-
st
an
da
rd
iz
ed
ra
te
/1
00
0
ye
ar
s.
DOI: 10.1161/JAHA.115.002568 Journal of the American Heart Association 6
A Chinese Immigrant Paradox? Systematic Review Jin et al
O
R
IG
IN
A
L
R
E
S
E
A
R
C
H
 at N
A
PIER U
N
IV
ERSITY
 M
ELRO
SE on O
ctober 26, 2016
http://jaha.ahajournals.org/
D
ow
nloaded from
 
participants compared with whites in most of the studies.
However, this meta-analysis was based on the available data
from national or state registry data sets, which are more
generalizable. Second, the short-term mortality result between
Chinese and whites is largely driven by Khan’s study12 which
had a much larger sample of Chinese immigrants than other
studies. While bias in the direction of overestimating the risk
cannot be eliminated if all results are used, with the exception
of Bansal14 (2013), the other ORs were in the direction of higher
risk; however, only Khan’s study12 (2010) appears to have been
adequately powered to detect the OR at a statistically
signiﬁcant level. Our results should stimulate further research
with robust strategies. Third, the use of hospital data in the
prognostic studies limits participants to those with a diagnosis
of CHD, and may exclude those who may be misdiagnosed or
die before coming to the hospital. Fourth, signiﬁcant hetero-
geneity was noted in the analysis of incidence of CHD. However,
the results of I2 for heterogeneity need to be interpreted with
caution when there are only limited studies included in the
meta-analysis. In this analysis, only 3 studies were included and
we had performed random-effects meta-analysis to incorporate
heterogeneity among studies. Moreover, the demographics,
follow-up duration, outcome measurement, and study quality
were similar across the studies. Finally, the deﬁnition of
ethnicity in this meta-analysis was not standardized and may
involve misclassiﬁcation. Bias could have been introduced by
deﬁning Western-born Chinese as whites when country of birth
was used as a proxy for ethnicity. Surname analysis could also
misclassify ethnic categories.12,16 In most cases, misclassiﬁ-
cation should involve deﬁning Chinese immigrants as whites
and therefore may underestimate the differences between
them.
Figure 2. Incidence of coronary heart disease in Chinese compared with whites.
Figure 3. Incidence of coronary heart disease in Chinese compared with South Asians.
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Figure 4. Short-term mortality in Chinese compared with whites.
Figure 5. Short-term mortality in Chinese compared with South Asians.
Table 4. Studies on Long-Term Mortality After CHD
Study Country/Data Sources Period of Time Disease Outcome
Mortality After CHD
HR (95%) No. of Deaths
Chinese Versus Whites Chinese Whites
Dzayee et al (2013)26 Sweden/National
registers
1995–2007 Short- and long-term
mortality after a first CABG
3.61 (1.5, 8.6)* 5 10 220
Khan et al (2010)12 Canada/Data from
BC & Alberta
1994–2003 Long-term mortality after first
hospitalization for AMI, recurrent AMI
0.89 (0.77, 1.0) — —
Van Oeffelen
et al (2014)29
Netherlands/Nationwide
registers
1998–2010 5-year mortality and AMI readmission
after first AMI
1.29 (0.77, 2.18) 14 35 337
AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; CHD, coronary heart disease; HR, hazard ratios.
*Male only.
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Table 5. Studies on Recurrent AMI After CHD
Study Country/Data Sources Period of Time Disease Outcome
Recurrent AMI
HR (95%) No. of Events
Chinese Versus
Whites Chinese Whites
Dzayee et al (2014)25 Sweden/National registers 1987–2007 MI occurring more than
28 days after first MI
1.03 (0.53, 1.9) 9 38 218
Khan et al (2010)12 Canada/Data from BC & Alberta 1994–2003 Long-term mortality after
first hospitalization for AMI,
recurrent AMI
0.8 (0.65, 0.9) — —
Van Oeffelen
et al (2014)29
Netherlands/Nationwide registers 1998–2010 5-year mortality and AMI
readmission after first AMI
1.77 (0.66, 4.7) <10 6029
AMI indicates acute myocardial infarction; CHD, coronary heart disease; HR, hazard ratios.
Figure 6. Long-term mortality in Chinese compared with whites.
Figure 7. Recurrent acute myocardial infarction in Chinese compared with whites.
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Conclusions
As compared with whites and South Asians, Western-dwelling
Chinese immigrants showed a lower incidence of CHD, but a
potentially poorer prognostic outcome after initial CHD
diagnosis, hence a potential “Chinese immigrant paradox.”
The poor short-term survival after CHD in Chinese immigrants
may be explained by genetic differences, cultural habits, and
acculturation. More rigorous research is required to monitor
and compare short-term survival outcomes of population
subgroups that may be at higher risk. Public health efforts
should focus on early secondary prevention in this population
to reduce mortality and reoccurrence from secondary events
in the ﬁrst 30 days. Ethnic variations in AMI presentation and
disease management should be considerations for healthcare
providers caring for Chinese patients.
Sources of Funding
Kai Jin is supported by Postgraduate Research Support
Scheme, Sydney Nursing School, University of Sydney. Dr
Ding (APP1072223) and Dr Neubeck (APP1036763) are
funded by early career fellowships from the National Health
and Medical Research Council of Australia. The funding
sources had no involvement in the analysis presented here.
Disclosures
None.
References
1. Agyemang CA, de-Graft Aikins A, Bhopal R. Ethnicity and cardiovascular health
research: pushing the boundaries by including comparison populations in the
countries of origin. Ethn Health. 2012;17:579–596.
2. Anand SS, Yusurf S, Vuksan V, Devanesen S, Teo KK, Montague PA, Keleman L,
Yi C, Lonn E, Gerstein H, Hegele RA, McQueen M. Differences in risk factors,
atherosclerosis, and cardiovascular disease between ethnic groups in Canada:
the Study of Health Assessment and Risk in Ethnic groups (SHARE). Lancet.
2000;356:279–284.
3. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj
A, Pais P, Varigos J, Lisheng L. Effect of potentially modiﬁable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART study):
case-control study. Lancet. 2004;364:937–952.
4. Australian Bureau of Statistics. Reﬂecting a nation: stories from the 2011
census, 2012–2013. 2013. Available at: http://www.abs.gov.au/ausstats/
abs@.nsf/Lookup/2071.0main+features902012-2013. Accessed December
12, 2014.
5. Statistics Canada. Immigrant population by place of birth and period of
immigration (2006 Census). 2006. Available at: http://www.statcan.gc.ca/
tables-tableaux/sum-som/l01/cst01/demo24a-eng.htm. Accessed February
18, 2015.
6. United States Bureau of the Census. The newly arrived foreign-born population
of the United States: 2010. 2011. Available at: http://www.census.gov/con-
tent/dam/Census/library/publications/2011/acs/acsbr10-16.pdf.
Accessed February 18, 2015.
7. Camarota S. Immigrants in the United States: a proﬁle of America’s foreign-
born population. 2012. Available at: http://www.cis.org/sites/cis.org/ﬁles/
articles/2012/immigrants-in-the-united-states-2012.pdf. Accessed June 28, 2015.
8. Department of Immigration and Citizenship. Community information summary:
China-born. 2011. Available at: https://www.dss.gov.au/sites/de-
fault/ﬁles/documents/02_2014/china.pdf. Accessed June 28, 2015.
9. Gong Z, Zhao D. Cardiovascular diseases and risk factors among Chinese
immigrants. Intern Emerg Med. 2015;1–12.
10. Chiu JF, Bell AD, Herman RJ, Hill MD, Stewart JA, Cohen EA, Liau CS, Steg PG,
Bhatt DL. Cardiovascular risk proﬁles and outcomes of Chinese living inside
and outside China. Eur J Cardiovasc Prev Rehabil. 2010;17:668–675.
11. Fang J, Madhavan S, Alderman MH. Cardiovascular mortality of Chinese in New
York City. J Urban Health. 1999;76:51–61.
12. Khan NA, Grubisic M, Hemmelgarn B, Humphries K, King KM, Quan H.
Outcomes after acute myocardial infarction in South Asian, Chinese, and white
patients. Circulation. 2010;122:1570–1577.
13. Li J, Li X, Wang Q, Hu S, Wang Y, Masoudi FA, Spertus JA, Krumholz HM, Jiang
L. ST-segment elevation myocardial infarction in China from 2001 to 2011 (the
China PEACE-Retrospective Acute Myocardial Infarction Study): a retrospec-
tive analysis of hospital data. Lancet. 2015;385:441–451.
14. Bansal N, Fischbacher CM, Bhopal RS, Brown H, Steiner MF, Capewell S.
Myocardial infarction incidence and survival by ethnic group: Scottish Health
and Ethnicity Linkage retrospective cohort study. BMJ Open. 2013;3:e003415.
15. Sheth T, Nair C, Nargundkar M, Aanad S, Yusuf S. Cardiovascular and cancer
mortality among Canadians of European, south Asian and Chinese origin from
1979 to 1993: an analysis of 1.2 million deaths. CMAJ. 1999;161:132–138.
16. Zaman MJ, Philipson P, Chen R, Farag A, Shipley M, Marmot MG, Timmis AD,
Hemingway H. South Asians and coronary disease: is there discordance
between effects on incidence and prognosis? Heart. 2013;99:729–736.
17. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P,
Stewart LA. Preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;
349:7647.
18. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D,
Becker BJ, Sipe TA, Thacker SB. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) group. JAMA. 2000;283:2008–2012.
19. Harding S, Dews H, Simpson SL. The potential to identify South Asians using a
computerised algorithm to classify names. Popul Trends. 1999;97:46–49.
20. Quan H, Wang F, Schopﬂocher D, Norris C, Galbraith PD, Faris P, Graham MM,
Knudtson ML, Ghali WA. Development and validation of a surname list to
deﬁne Chinese ethnicity. Med Care. 2006;44:328–333.
21. WorldHealth Organization. International statistical classiﬁcation of diseases and
related health problems. 2010. Available at: http://www.who.int/classiﬁca-
tions/icd/ICD10Volume2_en_2010.pdf?ua=1. Accessed October 14, 2014.
22. Nadathur SG. Maximising the value of hospital administrative datasets. Aust
Health Rev. 2010;34:216–223.
23. Wells GA, Shea S, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. 2011. Available at: http://www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.asp. Accessed November 5, 2014.
24. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327:557–560.
25. Dzayee DA, Beiki O, Ljung R, Moradi T. Downward trend in the risk of second
myocardial infarction in Sweden, 1987–2007: breakdown by socioeconomic
position, gender, and country of birth. Eur J Prev Cardiol. 2014;21:549–558.
26. Dzayee DA, Ivert T, Beiki O, Alfredsson L, Ljung R, Moradi T. Short and long
term mortality after coronary artery bypass grafting (CABG) is inﬂuenced by
socioeconomic position but not by migration status in Sweden, 1995–2007.
PLoS One. 2013;8:e63877.
27. Nijjar AP, Wang H, Quan H, Khan NA. Ethnic and sex differences in the
incidence of hospitalized acute myocardial infarction: British Columbia,
Canada 1995–2002. BMC Cardiovasc Disord. 2010;10:38.
28. Taira DA, Seto TB, Marciel C. Ethnic disparities in care following acute
coronary syndromes among Asian Americans and Paciﬁc Islanders during the
initial hospitalization. Cell Mol Biol (Noisy-le-grand). 2001;47:1209–1215.
29. van Oeffelen AA, Agyemang C, Stronks K, Bots ML, Varrtjes I. Prognosis after a
ﬁrst hospitalisation for acute myocardial infarction and congestive heart failure
by country of birth. Heart. 2014;100:1436–1443.
30. van Oeffelen AA, Vaartjes I, Stronks K, Bots ML, Agyemang C. Sex disparities
in acute myocardial infarction incidence: do ethnic minority groups differ from
the majority population? Eur J Prev Cardiol. 2015;22:180–188.
31. Higgins JP, Green S. Cochrane Handbook for Systematic Reviews of Interven-
tions Version 5.1.0 (updated March 2011). The Cochrane Collaboration; 2011.
Available at: http://handbook.cochrane.org/. Accessed June 28, 2015.
32. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM, Pajak
A. Myocardial infarction and coronary deaths in the World Health Organization
MONICA Project. Registration procedures, event rates, and case-fatality rates
DOI: 10.1161/JAHA.115.002568 Journal of the American Heart Association 11
A Chinese Immigrant Paradox? Systematic Review Jin et al
O
R
IG
IN
A
L
R
E
S
E
A
R
C
H
 at N
A
PIER U
N
IV
ERSITY
 M
ELRO
SE on O
ctober 26, 2016
http://jaha.ahajournals.org/
D
ow
nloaded from
 
in 38 populations from 21 countries in four continents. Circulation.
1994;90:583–612.
33. de Carvalho LP, Gao F, Chen Q, Hartman M, Sim LL, Koh LL, Koh TH, Foo D,
Chin CT, Ong HY, Tong KL, Tan HC, Yeo TC, Yew CK, Richards AM, Petrson ED,
Chua T, Chan MY. Differences in late cardiovascular mortality following acute
myocardial infarction in three major Asian ethnic groups. Eur Heart J Acute
Cardiovasc Care. 2014;3:354–362.
34. Chiu M, Austin PC, Manuel DG, Tu JV. Cardiovascular risk factor proﬁles of
recent immigrants vs long-term residents of Ontario: a multi-ethnic study. Can
J Cardiol. 2012;28:20–26.
35. Corlin L, Woodin M, Thanikachalam M, Lowe L, Brugge D. Evidence for the
healthy immigrant effect in older Chinese immigrants: a cross-sectional study.
BMC Public Health. 2014;14:603.
36. Harland JO, Unwin N, Bhopal RS, White M, Watson B, Laker M, Alberti
K. Low levels of cardiovascular risk factors and coronary heart disease
in a UK Chinese population. J Epidemiol Community Health. 1997;51:
636–642.
37. King KM, Khan NA, Quan H. Ethnic variation in acute myocardial infarction
presentation and access to care. Am J Cardiol. 2009;103:1368–1373.
38. Ayanian JZ. Diversity in cardiovascular outcomes among Chinese and South
Asian patients. Circulation. 2010;122:1550–1552.
39. Chow CM, Chu JY, Tu JV, Moe GW. Lack of awareness of heart disease and
stroke among Chinese Canadians: results of a pilot study of the
Chinese Canadian Cardiovascular Health Project. Can J Cardiol. 2008;24:
623–628.
40. He J, Klag MJ, Whelton PK, Zhoa Y, Weng X. Short- and long-term prognosis
after acute myocardial infarction in Chinese men and women. Am J Epidemiol.
1994;139:693–703.
41. Hsu YH, Mao CL, Wey M. Antihypertensive medication adherence among
elderly Chinese Americans. J Transcult Nurs. 2010;21:297–305.
42. Li W, Stewart AL, Stotts N, Froelicher ES. Cultural factors associated with
antihypertensive medication adherence in Chinese immigrants. J Cardiovasc
Nurs. 2006;21:354–362.
43. Hsiao AF, Wong MD, Goldstein MS, Becerra LS, Cheng EM, Wenger NS.
Complementary and alternative medicine use among Asian-American subgroups:
prevalence, predictors, and lack of relationship to acculturation and access to
conventional health care. J Altern Complement Med. 2006;12:1003–1010.
44. Quan H, Lai D, Johnson D, Verhoef M, Musto R. Complementary and
alternative medicine use among Chinese and white Canadians. Can Fam
Physician. 2008;54:1563–1569.
45. Ang-Lee MK, Moss J, Yuan CS. Herbal medicines and perioperative care. JAMA.
2001;286:208–216.
46. Gurbel PA, Becker RC, Mann KG, Steinhubl SR, Michelson AD. Platelet function
monitoring in patients with coronary artery disease. J Am Coll Cardiol.
2007;50:1822–1834.
47. Kwan J, Htun WW, Huang Y, Ko W, Kwan TW. Effect of proton pump inhibitors on
platelet inhibition activity of clopidogrel in Chinese patients with percutaneous
coronary intervention. Vasc Health Risk Manag. 2011;7:399–404.
48. Ye C, Jin H, Zhang R, Sun Y, Wang Z, Sun W, Sun W, Peng Q, Liu R, Huang Y.
Variability of warfarin dose response associated with CYP2C9 and VKORC1
gene polymorphisms in Chinese patients. J Int Med Res. 2014;42:67–76.
49. Chan B, Parker G. Some recommendations to assess depression in Chinese
people in Australasia. Aust N Z J Psychiatry. 2004;38:141–147.
50. Za T, Lau J, Wong ACK, Wong AWS, Liu S, Fong JWD, Chow PYC, Jolly KB.
Perceptions of risk factors of cardiovascular disease and cardiac rehabilita-
tion: a cross-sectional study targeting the Chinese population in the Midlands,
UK. Heart Asia. 2012;4:57–61.
51. Cheung NW, Li S, Tang KC. Participation in cardiovascular risk factor and
cancer screening among Australian Chinese. Health Promot J Austr.
2011;22:147–152.
DOI: 10.1161/JAHA.115.002568 Journal of the American Heart Association 12
A Chinese Immigrant Paradox? Systematic Review Jin et al
O
R
IG
IN
A
L
R
E
S
E
A
R
C
H
 at N
A
PIER U
N
IV
ERSITY
 M
ELRO
SE on O
ctober 26, 2016
http://jaha.ahajournals.org/
D
ow
nloaded from
 
Supplemental Material  
 
Appendix 1 
 
Key words for searching literature 
 
Chinese 
China 
Hong Kong 
Taiwan 
Macau 
Migrant/migrat* 
Immigrant/immigrat* 
Emigrant/emigrat* 
Refugee 
Expatriate 
Relocat* 
Acculturat* 
Cardiovascular,  
“heart disease”,  
Angina 
Circulatory,  
Cerebrovascular,  
Stroke  
“Myocardial infarction”, 
coronary,   
“heart attack”, 
heart surgery 
 
 
Appendix 2 
Search Strategies 
 
Pubmed: 
 
#4,"Search (cardiovascular[Title/Abstract]) OR angina[Title/Abstract])  
OR ""heart disease""[Title/Abstract])  
OR circulatory[Title/Abstract])  
OR cerebrovascular[Title/Abstract])  
OR stroke[Title/Abstract])  
OR coronary[Title/Abstract])  
OR ""heart attack""[Title/Abstract])  
OR ""myocardial infarction""[Title/Abstract]))  
AND (migrant*[Title/Abstract])  
OR migrat*[Title/Abstract])  
OR immigrant*[Title/Abstract])  
OR immigrat*[Title/Abstract])  
OR emigrant*[Title/Abstract])  
OR emigrat*[Title/Abstract])  
OR refugee[Title/Abstract])  
OR expatriate[Title/Abstract])  
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OR emigrant*[Title/Abstract])  
OR emigrat*[Title/Abstract])  
OR refugee[Title/Abstract])  
OR expatriate[Title/Abstract])  
OR relocat*[Title/Abstract]) OR acculturat*[Title/Abstract]))  
AND (Chinese[Title/Abstract])  
OR China[Title/Abstract])  
OR Hong Kong[Title/Abstract])  
OR Taiwan[Title/Abstract])  
OR Macao[Title/Abstract])  
OR Macau[Title/Abstract])",138,01:07:38 
 
#3,"Search (cardiovascular[Title/Abstract])  
OR angina[Title/Abstract])  
OR ""heart disease""[Title/Abstract])  
OR circulatory[Title/Abstract])  
OR cerebrovascular[Title/Abstract])  
OR stroke[Title/Abstract])  
OR coronary[Title/Abstract])  
OR ""heart attack""[Title/Abstract])  
OR ""myocardial infarction""[Title/Abstract]",847264,01:04:38 
 
#2,"Search (migrant*[Title/Abstract])  
OR migrat*[Title/Abstract])  
OR immigrant*[Title/Abstract])  
OR immigrat*[Title/Abstract])  
OR emigrant*[Title/Abstract])  
OR emigrat*[Title/Abstract])  
OR refugee[Title/Abstract])  
OR expatriate[Title/Abstract])  
OR relocat*[Title/Abstract])  
OR acculturat*[Title/Abstract]",245868,00:30:34 
 
#1,"Search (Chinese[Title/Abstract])  
OR China[Title/Abstract])  
OR Hong Kong[Title/Abstract])  
OR Taiwan[Title/Abstract])  
OR Macao[Title/Abstract]) 
OR Macau[Title/Abstract]",208345,00:22:25 
 
 
 
 
 
 
 
 
